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Description 

The present invention relates to implantable 
prosthetic devices of ijse to increase blood flow 
through the arterial system and to reduce the work 
load on the heart. 

Arteriosclerosis is the numk>er one Idller in the 
United States. Close to one mtilion deaths occur 
annually from heart disease, hypertension and 
stroke caused by "hardening of the arteries" which 
inhibits the vital blood supply to the heart muscle, 
brain, and other tissues. Very often coronary artery 
disease results from the buildup of ateroscleratic 
plaques on the inner walls of the arteries which 
supply blood to the heart muscle; These plaques 
often contain cholesterol and other materials. They 
may also become hardened by calcification and 
become sites for the formation of blood clots which 
further obstruct blood flow through the arterial sys- 
tem. This debilitating process also occurs in many 
of the arteries of patients with this disease often 
resulting in blockage of the carotid arteries to the 
brain causing strokes. 

Arteries attacked by arteriosclerosis are not 
only narrowed or blocked by the buildup of plaque 
but also become less elastic as compared to 
healthy arteries. This condition is frequently de- 
scribed as "hardening of the arteries". Healthy 
arteries are highly elastic and as the heart pumps 
blood into the arterial system the arteries expand to 
receive the increased volume of blood being 
pumped into them by the heart As the heart re- 
laxes during diastole (i.e.. the filling phase) the 
normal elasticity of the arteries causes them to 
contract or decrease in volume thereby forcing 
blood into and through the capillaries. The natural 
elasticity of the arteries is known as arterial compli- 
ance arid provides a blood reservoir for the arterial 
system into which the heart ejects each stroke 
volume of blood. By reason of the elastic char- 
acteristics of the arterial system, each blood vessel 
stores energy absorbed during the systolic action 
of the heart which maintains blood flow between 
heart beats. When arterial compliance is inhibited 
or dampened by disease both of these functions 
(i.e. volume storage and energy storage) are seri- 
ously impaired. A condition of decreased arterial 
compliance requires higher systolic blood pressure 
to achieve an equivalent blood flow and the effec- 
tive work load on the heart itself is increased. 

Heart assist systems, in which electric or pneu- 
matic powered devices provide counterpulsation 
such as disclosed in US Patent # 4 302 854 and 
US Patent # 4 034 742. decrease the workload of 
the natural heart and functionally alter arterial com- 
pliance. These devices are effective; however they 
require an external source of. power, such as bat- 
teries, which the patient must wear and which must 
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be recharged. A device that would aid the heart 
without need for any external power supply would 
be advantageous. 

Arterial compliance is extremely important in 
5     supplying the proper flow of blood to the heart 

muscle itself. During systole, blood flow through 
the coronary arteries is reduced because the myo- 
cardium, or heart muscle, is contracting thereby 
constricting or mechanically "squeezing down" the 

10    small arteries and capillaries and limiting the flow 
of blood through them. During diastole the myocar- 
dium relaxes and the small arteries and capillaries 
located therein open so as to sustain increased 
blood flow. The compliant aorta and coronary ar- 

ts    teries act both as a reservoir for holding the blood 
which must be pushed through the heart muscle 
during diastole and. by reason of the energy stored 
in the walls of thesis vessels, effectively pump 
blood through the myocardium during diastole. 

20 With the onset of arteriosclerosis the natural 
elasticity and compliance characteristics of the ar- 
terial system are diminished thereby restricting 
blood flow and increasing the work load of the 
heart. 

25 Presently available surgical treatrhents to over- 
come this debilitating condition typically involve 
procedures to either remove the plaque from the 
inner walls of the vessels or provide blood flow 
around the plaque through the use of bypass 

30 grafts. The first procedure is known as coronary 
endarterectomy whereby the plaque material which 
has built up in the larger branches of the coronary 
arteries is surgically removed. This procedure is 
time consuming and relatively difficult and does not 

35 effectively repair or "clean out" the smaller ar- 
teries. Hence, it is infrequently performed and 
when performed, it is often only with limited suc- 
cess. The second procedure is known as coronary 
artery bypass grafting which uses vein or artery 

40    grafts to supply blood to the coronary artery be-' 
yond the site of major obstruction. This procedure 
is presently used in approximately 250.000 cases 
per year in the United States alone. Yet another 
surgical treatment is coronary angioplasty which 

45 involves removing or "pushing" the plaque out of 
the way with a small t>alloon catheter Each of 
these procedures is designed to increase the flow 
of blood to the heart muscle by eliminating or 
bypassing obstructions in the coronary arteries. 

so A need exists for a more efficient and effective 
method to increase and stabilize blood flow through 
the arterial system and to decrease the work load 
on the heart itself without the difficulties and shor- 
tcomings attendant to presently known methods of 

55 treatment. By the present invention this need has 
been recognized and satisfied. 

The present invention relates to proisthetic de- 
vices and arterial compliance assist devices such 
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as blood vessels with compliant arterial blood res- 
ervoir chambers which function to store blood vol- 
ume and pressure energy resulting from the 
systolic pressure of the heart, which stored energy 
can then, in turn, be released to the arterial system 5 
during diastole. By these devices peak systolic 
pressure can effectively.be reduced and diastolic 
pressure and flow increased. Certain preferred em- 
bodiments of the invention increase not only mean 
myocardial blood flow but also decrease myocar- to 
dial work. As a result, through the use of the 
present invention the cardiovascular system func- 
tions more effectively and the patient's health is 
substantially improved. In severe cases, the de- 
vices of the Invention can be used for life saving TS 
purposes while \n less severe cases the devices 
can be used to improve the exercise tolerance and 
overall quality of life of the patient. 

The present invention may also be used in 
conjunction with presently used methods of treat- 20 
ment such as bypass grafts and angioplasty. It 
should be understood, however, that the present 
invention is based upon a fundamentally different 
principle to increase the flow of blood in the arterial 
system and to the heart muscle. It is further point- 25 
ed out that the same principle may be used to 
increase the flow of blood to other organs of the 
body in patients with extensive arteriosclerosis and 
also may be used to decrease the work of the 
heart muscle itself by permitting it to work more 30 
efficiently. 

It is an object of the invention to provide im- 
plantable prosthetic devices such as arterial blood 
vessels and chambers which restore or augment 
the compliance of the natural arterial system to 35 
enhance blood flow to vital tissues. 

It Is another object of the invention to provide 
prosthetic compliance devices which when surgi- 
cally Implanted in the body will function reliably for 
a long period of time. 40 

It is a further object of the invention to provide 
such devices which will function with a minimal 
incidence of complications including thrombosis 
and thromboembolism, infection, mechanical fail- 
ure, calcification,, reduction in function due to en- 45 
capsulation and damage to other adjacent tissues 
including pressure necrosis or erosion. 

It is a still further object of the invention to 
provide a family of devices adapted to meet vary- 
ing flow, pressure and anatomic requirements to so 
treat a variety of medical conditions relating to 
inadequate arterial compliance functions. 

Further defining the medical problem ad- 
dressed as reduced blood flow to a certain organ 
or tissue due to the effects of arteriosclerosis it is 55 
an additional object of the invention to provide 
prosthetic devices to increase the flow through the 
diseased blood vessels by increasing diastolic 

pressure and flow. 
A still further object of the invention is to pro- 

vide devices which store energy during the systolic 
ejection phase of the heart and, in turn, supply this 
energy to the blood during the diastolic phase. 

Another object of the invention is to provide 
prosthetic devices which can be easily and in- 
expensively fabricated using durable blood-com- 
patible materials including but not limited to poly- 
mers such as silicones, dacron.and polyurethanes 
and other structural materials including titanium 
and pyrolitic carbon. 

It is a further object of the invention to provide 
prosthetic compliance devices in which the blood 
contacting surfaces may be biologic tissues such 
as living transplanted human blood vessels or pre- 
served animal blood vessels or valves. 

Certain preferred embodiments of the invention 
are disclosed in the following FIGURES: 

FIG. 1 is a schematic view of a representative 
prosthetic arterial compliance chamber (PACC) 
sutured to the ascending aorta. 
FIG. 2 is an end view of a preferred embodi- 

^ment of a PACC of the invention having both ah 
inflow and an outflow graft. 
FIG. 3 is a section view of the PACC shown In 
FIG. 3 taken along the line 3-3. 
FIG. 4 is a plan view of the PACC shown in FIG. 
3 taken along the line 4-4. 
FIG. 5 is a schematic section showing six posi- 
tions of an arterial compliance chamber wall as 
shown in FIG. 3 at various pressures and vol- 
umes. 
FIG. 6 is a graph showing a typical pressure 
volume curve of a PACC indicating the pressure 
and volume relationships at the various wall po- 
sitions depicted in FIG. 5. 
FIG. 7 is a graph of a normal arterial pressure 
curve in the aorta. 
FIG. 8 is a graph showing a' series of arteVral 
pressure curves in the aorta, wherein 

curve A represents a hypertensive patient 
with decreased arterial compliance - without a 
PACC 

curve B represents a patient with low blood 
pressure or in mild heart failure without a PACC 

curve C represents the same patient repre- 
sented in curve A but with a PACC implanted 

curve D represents the same patient repre- 
sented in curve B but with a PACC implanted 
FIG, 9 is a schematic view of a PACC sutured in 
line with the ascending aorta. 
FIG. 10 is a schematic view of a PACC sutured 
in line with the descending or abdominal aorta. 
FIG. 11 is a schematic view of a valved PACC 
sutured in parallel between the. aorta and a 
coronary artery. 
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FIG. 12 is a schematic view of a PACC sutured 
in parallel between the ascending and the de- 
scending aorta. 
FIG. 13 is a schematic view of a valved PACC 
sutured in parallel between the ascending and 
the descending aorta with a coronary artery by- 
pass graft sutured between the Inflow graft of 
the PACC and a coronary artery. 
FIG. 14 is a schematic view of a prosthetic 
device comprising a series of spring clamps 
surgically attached to the aorta to flatten the 
vessel and enhance its compliance. 
FIG. 14A is a cross-sectional view of the device 
shown in FIG. 14. 
FIG. 15 is a schematic view of a compliant 
vascular graft with ring-like spring members af- 
fixed thereto. 
FIG. 15A is a representative polymer ring used 
as shown in FIG. 15, 
FIGS. 16 and 16A are schematic views of a 
method of Increasing compliance of an artery 
through use of two attracting magnets surgically 
attached to the aortic wall. 
FIGS. 17 and 17A depict a PACC comprised of 
a distensible elastic tube in its relaxed and ex- 
panded state, respectively. 
FIGS. 18 and ISA depict a PACC comprised of 
resiliient deform able tube which is generally non- 
elastic under the pressures it. experiences in 
actual use and a cross-section thereof, respec- 
tively. 
FIGS. 19, 19A, 20. 20A. 21, 21 A. 22 and 22A are 
various embodiments depicting various shapes 
and wall thicknesses of PACC's. alternately 
shown In their relaxed and expanded states. 

In principle, a PACC device Is a blood contain- 
ing chamber that changes in volume as a function 
of the pressure applied. It may be a generally rigid 
device such as a cylinder with a spring loaded 
piston, an elastic device such as a stretchable 
balloon, or a resilient deformable device such as a 
flattened tube. It must be connected to a blood 
vessel and accordingly must be designed to avoid 
blood damage and thrombosis. 

It is weir known to those skilled In the art that 
the measurement of blood pressure and the char- 
acter of blood pulsation in various parts of the 
vascular system can be utilized as a means of 
diagnosis of pathological conditions. Techniques 
for measuring blood pressure and volumetric flow 
rate at various points in the vascular system are 
well developed and known to those skilled in the 
art. For example, blood pressure can be measured 
by localized catheterization techniques wherein a 
pressure sensing catheter is inserted into the blood 
vessel at the point where it is desired to measure 
the blood pressure. Similarly, the blood volumetric 
flow rate at a point can be calculated based on 

measurement of the volume of a section of the 
blood vessel or organ, such as a chamber of the 
heart, in the vicinity of the point where the volu- 
metric blood flow rate is to be determined. Well 

5 developed techniques for measuring blood vessel 
and organ size, from which volume can t>e deter- 
mined. Include various radiographic techniques, 
such as angiocardiography and ultra-sound. 

Based on measurements of the blood pressure 
10 and volumetric flow rate at various points through- 

out the arterial system, the arterial compliance or 
distensibility of the vessel or organ at the point of 
measurement can be determined. The parameters 
are related by the expression: 

15 
Compliance - change in volume/change in pres- 
sure 

where the change in volume is the stroke volume 
20 or difference in volume t>etween measurements of 

the systolic volumetric blood flow rate and diastolic 
volumetric blood flow rate; and the change in pres- 
sure is the pulse pressure or difference between 
the systolic and diastolic blood pressures. The 

25 compliance for an individual patient can be as- 
sessed and cortipared to norms determined for 
healthy individuals. The nature and extent of the 
pathological condition in the patient being studied 
can then be diagnosed. 

30 From an assessment of the patient's arterial 
compliance, a determination of the need for and 
optimum place of implantation of prosthetic compli- 
ance devices according to the present invention 
can be ascertained. The appropriate volume of the 

35 PACC to t>e implanted at a particular location is 
determinable from an assessment of the decrease 
in the. patient's cornpllance compared to normal 
and the flow requirements to the region involved. 
The calculated volume for the PACC represents th3, 

40 supplemental blood flow volume provided by the 
PACC during the interval between systole and dias- 
tole to augment the reduced blood flow in tiie 
vessel caused by reduced vessel compliance 
brought on as a result of the pathological condition. 

45 One advantage of the PACC of the present 
invention is that it can be implanted at essentially 
any location In the primary arterial system. The 
only requirement is that the vessel or organ have 
sufficient diameter at the point of insertion of the 

50 PACC to enable the PACC to t>e safely sutured to 
the vessel or organ. The implantation of PACC's 
throughout the . arterial systenri operates as a means 
for selectively distributing and improving blood flow 
throughout ttie arterial system and particularly to 

55 increase blood flow to specific target organs whose 
functions may be impaired by cardiovascular dis- 
ease. 

4 
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Hypertension is one symptom of cardiovascular 
disfunction which can be reduced by appropriate 
implantation of a PACC. The condition results in 
part from an increase in the contractions of the 
smooth muscle within arterial walls. This condition 
is also caused by disturbances in the hormonal 
system, by the administration of certain drugs, and 
as a result of certain psychophysical conditions. 
Thus, arterial compliance may be functionally re- 
duced in certain hypertensive conditions and the 
PACC can restore more normal functional compli- 
ance. 

The PACC can also be used to increase the 
blood flow to certain target organs whose blood 
flow is impaired by the existence of a pathological 
condition. Thus, for example, in advanced stages of 
diabetes, circulating blood flow to the patient's legs 
may be become impaired because of increased 
resistance to blood flow at the capillary level. Im- 
plantation of a PACC in the femoral artery can be 
performed to increase the blood flow to the af- 
fected leg. 

Similarly, In the case of renal disfunction, a 
PACC can be implanted from the abdominar aorta 
to the renal artery in order to provide augmented 
blood flow to the kidneys. 

In certain situations particular emt>odiments of 
the PACC. provided with a valve can be utilized to 
maintain higher blood pressure during diastole than 
could be maintained withoud a valve. In valve- 
equipped PACC*s. the valve also serves to prevent 
backflow. thereby also augmenting flow during di- 
astole. 

The PACC can also be used directly as a 
cardiac assist device. A PACC embodiment utilized 
for such an application consists of a relatively targe 
compliance volume which is Implanted on the aorta 
close to the heart. In this embodiment, the PACC is 
fabricated as a single chamber providing the re- 
quired compliance volume. The device is attached 
to the blood vessel by meanis of a single graft 
which serves for both Inflow and outflow. The 
PACC for this application is not equipped with a 
valve, since the entire flow is directed in and out of 

. the aorta. 
PACC's implanted in major arterial blood ves- 

sels to supply increased blood flow to other organs 
downstream are "in-linedevices which can be 
either implanted "in series" directly in a section of 
the blood vessel, or "In paraltel" from one blood 
vessel to another bypassing a section of a blood 
vessel. Such PACC's therefore, are throughput de- 
vices provided with both an inlet and an outlet 
channel. 

With reference to FIG. 1, the prosthetic arterial 
compliance chamber (PACC) la is connected to 
the ascending aorta 20. The charhber 1 is com- 
prised of a stretchable thin walled polymer balloon 

which can expand in volume from its smaller or 
contracted size 6 shown by the solid line to its 
larger or expanded size 8 shown by the dotted 
lines, achieved when the left ventricle 10 pumps 

5 blood into the aorta during systole. Typically the 
stroke volume ejected by the left ventricle with one 
beat may vary between fifty (50) and one (100) 
hundred cubic centimeters (cc). The stroke volume 
may t>e less with heart failure and more in large 

10 individuals. For purposes of illustration, a compli- 
ance chamber with a maximum change in volume 
of 35 cc is discussed although larger or smaller 
devices may t>e applied to individuals of different 
sizes or in different anatomic positions for the 

75    treatment of different specific disease conditions. 
. When the left ventricle ejects blood into the 

aorta some of the blood enters the PACC and 
some blood flows past through the aorta. Depend- 
ing on the ejection pressure and the time of systole 

20 a given volume of blood wilt be pumped Into the 
PACC. As the volume of blood in the PACC in- 
creases pressure energy is stored by the elastic 
walls of the device. This energy storage may be 
accomplished in other PACC designs through de- 

25 formation of spring elements or through magnetic 
fields. In FIG. 5 six positions of a resilient defor- 
mable PACC wall are shown which correspond to 
points on the pressure volurne diagram shown in 
FIG. 6. The device shown in FIG. 5 is generally 

30 shaped like a flattened sphere and resembles the 
biconcave disc geometry of a red blood cell. Typi- 
cal dimensions are: 

toroidal chamber segment 1x has a radius x 
which is typically 1 cm.; 

35 the diameter y of the toroidal chamber is typi- 
cally 6 cm. 

The pressure-volume curve shown in FIG. 6 is 
also generally representative of the balloon like 
device shown in FIG. 1. At the end of systole.tl;ie 

40 left ventricle 10 relaxes and the aortic valve 12 
closes. The energy stored by the elastic walls of 
the PACC is then returned to the blood. The PACC 
theri acts as a pump forcing blood into the aorta as 
illustrated by arrow 14 and also into the coronary 

45 artery 16 as Indicated by the arrow 18. This In- 
creases the pressure in the aorta during diastole, 
and has the effect of counterpulsation employed 
with the intraortic balloon pump. 

FIG. 7 illustrates a typical normal arterial pres- 
50 sure curve. At the heart rate of 100 beats per 

rninute (B.P.M.) the duration of systole is about 250 
milliseconds (msec) and the duration of diastole is 
about 350 msec. During diastole the aortic pres- 
sure falls off gradually due to the compliance of the 

55 natural aorta and the flow of blood out of the aorta 
into smaller arteries. 

In FIG. 8 curve A represents the aortic pres- 
sure of a patient with reduced aortic compliance 

5 
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and mild hypertension. The pressure drops off 
more rapidly during diastole than it would if the 
patient's compliance were normal. The function of 
the PACC is illustrated in Fig 8C. The peak aortic 
pressure is lower and the area under the curve 22 
represents less work done by the heart (assuming 
the same stroke volume in curves A and C). During 
diastole the PACC pumps blood into the aorta and 
raises the aortic blood pressure as indicated by 
area 23 t>6tween curve A and C. 

In FIG. 8 the effect of a PACC on a patient in 
mild heart failure is similar to the patient with 
hypertension, as seen comparing curves 8D and 
8C there is a reduction in peak systolic pressure 
and ari increase in diastolic pressure. 

FIG. 2 shows an end view of such an "in-line" 
PACC 1b. The PACC of this embodiment has a 
generally biconcave shape, anatagous in appear* 
ance to that of a red blood cell, and has the further 
feature of inflow and outflow channels along an axis 
passing transverse to the biconcave sides of the 
device. The device, has dimensions generally re- 
presented by Figure 5. 

FIG. 3 is a longitudinal view of the PACC lb of 
FIG. 2. The typical length of such a PACC, from 
end to end, including the inflow channel 31 and 
outflow channel 33 is 7-9 cm. The inflow and 
outflow grafts may be short or long depending on 
the surgical positioning required. The inner wall of 
the device has a blood surface coating 36. The 
embodiment shown in FIG. 3. is a PACC in which 
the inflow channel 31 tapers down to a narrower 
outflow channel 33 in order for there to be an 
increased resistance at the outlet. During systole, 
this reduces flow of blood out of the device while 
the volume of blood retained within the device is 
increasing. Such PACC's can also be fabricated 
with a valve (not shown) at the inlet channel to 
prevent backflow. The cross-hatched lines show 
the walls of the PACC in their relaxed position. The 
dotted lines show the position of the PACC ex- 
panded to its full capacity. A PACC of this configu- 
ration can be fabricated in iarger sizes to provide a 
total compliance chamber capacity of up to 70 cc 
or more. 

FIG. 4 shows a plan view of the PACC lb of 
FIGS. 2 and 3. 

RG. 9 shows a PACC 1c implanted In series in 
the ascending aorta. This embodiment directs the 
compliance chamber capacity to pertuse the as- 
cending aorta 20 and augments the blood flow 
supplied by the left ventricle 10 to the coronary 
artery 16.- 

FIG. 10 shows a PACC Id alternatively im- 
planted in series in the descending aorta 21. The 
full compliance chamber volume Is similarly di- 
rected to p>erfuse the aorta in this embodiment. 

FIG. 11 shows a PACC le implanted in parallel 
between the ascending aorta 20 and coronary ar- 
tery 16 in order to directly increase blood perfusion 
to the coronary artery. This embodiment is utilized 

5 where compliance of one or more coronary arteries 
has been reduced by coronary artery disease. This 
embodiment of the PACC is fabricated with a valve 
26. to further increase the diastolic blood pressure 
to the coronary artery 16, and to prevent backflow 

10    of blood. 
FIG. 12 shows a PACC If implanted In parallel 

between the ascending aorta 20 and the descend- 
ing aorta 21. This embodiment permits better 
washing of the chamber by through flow than other 

T5 embodiments implanted in the position illustrated in 
Rgure 1. 

FIG. 13 shows a PACC 1g Implanted in parallel 
between the ascending aorta 20 and descending 
aorta 21. with provision for a take-off 19 from the 

20 inflow channel of the PACC to a coronary artery 16. 
This embodiment is also provided with a valve 26 
to increase the blood pressure to the coronary 
artery and to prevent a backflow of blood. The 
PACC of this embodiment simultaneously perfuses 

25 the descending aorta and a coronary artery with 
additional blood flow 14, 18. respectively. 

PACC's of this invention can, in addition to 
utilizing the elastic energy of the vessel wall which 
is imparted from the kinetic energy of the flowing 

30 blood during systole and becomes elastic or poten- 
tial energy held by the expanded vessel wall to be 
released on diastole, can function utilizing other 
energy storage sources, such as springs or mag- 
nets. 

35 FIG. 14 shows an embodiment of a PACC 1h 
utilizing spring clamps 29 surgically attached to the 
aorta to flatten the vessel and enhance its compli- 
ance. The size and number of spring clamps uti- 
lized in this emt>odiment is determined as a fun^r^ 

40    tion of the spring constant A pusher plate 35 is' 
utilized together with the spring clamps. 

FIG. 14A show a top view of the PACC of FIG. 
14 in its end diastolic position 6 In solid lines and 
in its expanded end systolic position 8 in dashed 

45 lines. 
FIG. 15 shows a compliant vascular graft 

wherein ring-like spring clamp members 37 are 
affixed around a tube-like vasculair graft to "flatten" 
it as shown in FIG. ISA. to provide the required 

50 compliance volume. The expanded position is 
shown by the dotted lines. 

The ends of this device consist of double layer 
fabric grafts 30a, 30b for attachment to the vessel 
or orgari. The device is sutured to the natural artery 

55 .by means of sutures 39. Each of the individual 
ring-like spring members 37 consists of an outer 
polymer-coated ring with a metal spring core. 

6 
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FIG. 16 shows a PACC Ik for increasing arte- 
rial compliance through use of two attracting mag- 
nets 40 surgically attached to opposite sides of a 
vessel wall. 

FIG. 16A shows a top view of the PACC of FIG. 
16 in its relaxed position in solid lines and in its 
expanded position in dashed lines. 

The magnetically powered PACC of FIGS. 16 
and 16A operates by the attractive forces of the 
two magnets 40 Implanted on either side of the 
device. 

During systole as blood enters the PACC the 
magnets are forced farther apart thus storing en- 
ergy. During diastole the magnets force the walls of 
the PACC closer together and pump blood out. 

Generally. PACC's of the "in-line" type, having 
two grafts and two channels can be fabricated in 
other ways thari the toroidal shaped distensible 
devices 1b-1g of FIGS. 2-13. Alternatively, such 
"in-line" PACC's can.be tubular in design. 

FIG. 17 shows a PACC 11 which is fabricated 
as a distensible elastic tube. The outer wall 30 is 
shown in its rest position 6. 

FIG. 17A shows the PACC 11 in its expanded 
position 8. The device has inflow channel 31 and 
an outflow channel 33. 

FIG. 18 show a PACC 1m which is fabricated 
of a resilient deformable tube shown in its rest 
position 6 and in Its expanded position 8 (dashed 
lines). 

FIG. 18A shows the PACC 1m of FIG. 18 in 
end view, both in the relaxed state 6 (solid lines) 
and expanded state 8 (dashed lines). 

FIGS. 19. 19A through 22. 22A shown end 
views of various PACC configurations paired in 
their relaxed 6 and expanded 8 positions, respec- 
tively. 

FIGS. 19, 19A show a device having an el- 
lipsoidal cross section. 

FIGS. 20, 20A show a device having a bicon- 
cave shape in cross section. 

RGS. 21. 21A shows a device as in FIGS. 20, 
20A but having a reinforced wall thickness 30. 

FIGS. 22, 22A show a device having an overall 
triangular shaped cross section. This device has 
three wall sections a.b.c which expand to form the 
cornpliance volume. 

Potential problems that may arise In the use of 
any implant devices and the means by which such 
problems are overcome in the use of the PACC's 
of the present invention are discussed below. 

There are four types of problems which may 
arise In any situation where a prosthetic compli- 
ance device Is implanted in the arterial system. 
These potential problem areas include thrombosis: 
mechanical failure, such as by rupture of the de- 
vice: loss of compliance due to encapsulation of 
the device: and calcification. 

Thrombosis, or the formation of blood clots, is 
prevented in the use of the PACC's of the present 
invention through one or more of. a variety of 
means which Include: 

5 by design of the flow geometry of the PACC to 
eliminate sharp, edges and other sites at which 
blood clots may form and to utilize only smooth 
geometrical shapes with gradual transitions in the 
cross sectional area of flow between the inlet and 

10    outlet of the device; 
by use of a living blood surface on the vessel, 

aorta, or vein graft; 
by assuming high enough flow to prevent sta- 

sis; 
T5 by utilizing special non-thrombogenic materials 

of .construction for the PACC. such as dacron. 
silicone, or an elastomeric polyurethane material: 

by utilizing a PACC fabricated from animal 
graft material, such as porcine aorta. 

20 by utilizing a PACC which is a transplant of a 
human aorta; 

or by utilizing a PACC of preserved human 
arterial material such as Aorta, axial or femoral 
artery. 

25 Harm to the patient due to mechanical failure 
especially rupture of the PACC itself or of the 
suture between the vessel or organ and the PACC 
is prevented in the PACC's of the present invention 
by means of one or more of the following tech- 

no niques: 
by reducing the stress on any point of the 

device as well as at the point of juncture to the 
blood vessel or organ; 

by constructing or implanting the device in 
35    such a manner so as to cause the forces acting on 

the device to be bending forces rather than stretch- 
ing forces; 

by fabricating the PACC in such a manner and 
utilizing such materials that it is of multi-layer con- 

40    struction. made of polyurethane, which is graphite 
lubricated; 

by utilizing radiopaque materials of construc- 
tion which permit periodic X-ray assessment of 
continued proper functioning of the device after it 

45    has been implanted. If the device is not functioning 
property if can be replaced. 

Loss of Compliance due to encapsulation of 
the device by scar tissue is prevented in PACC's of 
the present invention by one or more of several 

50    techniques including: 
by implanting the PACC inside tha pericard- 

ium; 
by utilizing fibral coatings on the outside sur- 

face of the PACC if it is impermeable; 
55 by utilizing tissue grafts or permeable fabric. 

Calcification problems are prevented in PACC's 
of the present invention by utilizing designs which 
avoid turbulence and high bending stresses, and 
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by selecting appropriate materials. 
The materials of construction of the PACC's of 

this Invention must be such as to be compatible 
with blood vessels and organs in order to minimize 
the possibility of rejection and to prevent thrombo- 
sis, the formation of blood clots, while maintaining 
good elasticity and other mechanical properties 
over the extended period of their implantation. The 
best materials have been found to be dacron, sili- 
cone and elastomeric materials. For embodiments 
of the PACC's utilizing spring clips, the metallic 
cores are fabricable from stainless steel. For the 
embodiments of the PACC's utilizing implanted 
magnets, the magnets should be rare earth. Co 
magnets which have a high magnetic flux and the 
magnets may be hermetically sealed in welded 
titanium encasements which are not susceptible to 
corrosion. 

Claims 

1. An implantable vascular prothesis. to improve 
the effectiveness of perfusion by the natural 
cardiovascular system, comprising a variable 
volume chamber (la) adapted to receive and 
to discharge blood, means to apply a volume 
reducing compressive force to the chamber 
(la) and means to anastomose said chamber 
(la) to the arterial system. 
characterised in that said variable volume 
chamber (la) and said means to apply a vol- 
ume reducing compressive force to the cham- 
ber (la) are such that as blood is forced to 
enter the chamber (1a) by natural systolic arte- 
rial pressure, kinetic energy is stored as poten- 
tial energy, and during diastole of the natural 
heart the stored potential energy actuates 
means to reduce the volume of the chamber 
thereby converting sajd potential energy to ki- 
netic energy and expelling blood from the 
chamber (la) into the arterial system. 

2. The device as recited in claim 1, wherein the 
deformable chamber (la) is a stretchable elas- 
tic membrane. 

3. The device of claim 1, In which energy is 
stored through the forced separation of attract- 
ing magnetic fields or in which energy is 
stored through the forced opposition of repel- 
ling magnetic fields. 

4. The device of claim 1, wherein the deformable 
chamber (la) comprises .one or more spring 
elements (29) connected to pusher pads (35) 
affixed to a blood vessel imparting compliance 
characteristics to said blood vessel. 

5. The device of claim 1. wherein the valve (26) 
is incorporated into the inflow channel (31) to 

. prevent backflow during diastole and one or 
more outflow vascular grafts (33) are provided. 

5 
6. The device of claim 1, wherein natural tissues 

are utilised to fabricate all or part of the vari- 
able volume chamber and the means to ani- 
astomose said chamber (la) to the arterial 

10 system. 

7. An implantable prothesis. to improve the effec- 
tiveness of perfusion by the natural cardiovas- 
cular system, comprising energy storage and 

IS actuation means adapted to apply a volume 
reducing compressive force to an artery such 
as the aorta (20). and means to surgically affix 
said device to the artery (20), 
characterised in that said energy storage and 

20 actuation means are such that as blood is 
forced to enter the artery (20) by the natural 
systolic arterial pressure, kinetic energy is 
stored as potential energy, and during diastole 
of the natural heart the stored potential energy 

25 actuates means to reduce the volume of the 
artery (20) thereby converting said potential 
energy to kinetic energy and expelling blood. 

PatentanspirUche 
30 

1. Eine implantierbare vasuklSre Prothese zur 
Vert>esserung der Effektivit§t der Perfusion 
durch das natOrtiche kardiovaskulSre System, 
mit einer variablen Volumenkammer (la), die 

35 zur Aufnahme und zum Abgeben von Blut ein- 
gerichtet ist. Mittein zum Aufbringen einer ein 
Volumen reduzierenden Kompressionskraft auf 
die Kammer (1a) und Mittein zum Verbinden 
der Kammer (la) mit dem arteriellen System. 

40 dadurch gekennzeichnet, dafi die Kammer (la)- 
mit variablen Volumen und die Mittel zur Auf- 
bringung einer das Volurhen der Kammer (la) 
reduzierenden Kompressionskraft derart sind. 
daB bei Zwingen von Blut in die Kammer (la) 

45 durch den natOrlichen systolischen arteriellen 
Druck kinetische Energie als potentielle Ener- 
gie gespeichert wird und wahrend der Diastole 
des natOriichen Herzes die gespeicherte po- 
tentielle Energie Mittel zur Reduktion des Volu- 

50 mens der Kammer betStlgt. wodurch die po- 
tentielle Energie in kinetische Energie umge- 
wandelt wird und Blut aus der Kammer (la) in 
das arterielle System ausgestoflen wird. 

55 2, Vorrichtung nach Anspruch 1. wpbei die defor- 
mierbare Kammer (la) eine. dehnbare elasti- 
sche Membran ist. 

8 
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3. Vorrichtung nach Anspruch 1, bei der Energie 
durch eine erzwungene Trennung von einander 
anziehenden Magnetfeldern gespeichert wird 
Oder in der Energie durch die erzwungene 
Gegenubersteltung von einander abstolSenden 
rhagnetischen Feldern gespeichert wird. 

4. Vorrichtung nach Anspruch 1. wobei die defor- 
mierbare Kammer (la) eihe Oder mehrere Fe- 
deretennente (29) aufweist. die mit Oruckkissen 
(25) verbunden sind. die an einem Blutgef30 
angebracht sind. welche dem Blutgef^d eine 
Nachgiebigkeitseigenschaft gibt. 

5. Vonrichtung nach Anspruch 1, wobei die Klap- 
pe (26) in dem Einla^kanal (31) eingebracht ist, 
um einen RuckfluB wShrend der Diastole zu 
bewirken und eine Oder mehrere vaskulSre 
Ausstromgetafle (33) vorgesehen sind. 

6. Vorrichtung nach Anspruch 1. wobei zur Her- 
stellung der variablen Volumenkammer und 
der Mittel zum Verbinden der Kammer (la) mit 
dem arteriellen System teilweise oder aus- 
schlieBlich natOriiche Gewebe venvendet wer- 
den. 

7. Implantierbare Prothese zur Verbesserung der 
Wirkung der Perfusion durch das natOriiche 
kardiovaskulare System, mit Energiespeicher- 
und Betatigungsmitteln, die zur Aufbringung 
einer ein Volumen reduzierenden Kompres- 
sionskraft auf eine Arterie wie die Aorta (20) 
und Mittel zum chirurgischen Befestigen der 
Vomchtung an der Arterie (20) vorgesehen 
sind. dadurch gekennzeichnet. da£l die 
Energiespeicher- und Betatigungsmittel derart 
sind, daB bei Zwingen von Blut zum Eintreten 
in die Arterie (20) durch den natOrlichen systo- 
lischen arteriellen Druck kinetische Energie als 
potentielle Energie gespeichert wird und wah- 
rend der Diastole des natOrlichen Herzens die 
gespeicherte potenttblle Energie Mittel betSitigt 
zur Reduktion des Volumens der Arterie (20), 
wodurch die potentielle Energie in kinetische 
Energie gewandelt wird und Blut ausgesto/Sen 
wird. 

Revendicatlons 

li. Prothese vasculaire implantable pour Tam^lio- 
. ration de I'efficacit^ de perfusion par le syst§- 

me cardiovasculaire naturel, comprenarit une 
chambre de volume variable (la) faite pour 
recevoir et refouler du sang, un moyen d'appli- 
cation h cette chambre (la) d*une force de 
compression r^duisant son volume et un 
moyen d'anastomose de cette chambre (la) au 

syst^me arterie). 
caract^ris^ par le fait que la chambre de volu- 
me variable (la) et le moyen d*appiication h 
cette chambre (la) d'une force de conpression 

5 r^duisant .son volume sent tets que la presston 
art^rielle systolique naturelle fait entrer de for- 
ce du sang dans la chambre (la), de I'^nergie 
cin^tique est emmagasin^e sous forme d*4ner- 
gie potentielle et, pendant la diastole du coeur 

10 naturel, r^nergie potentielle emmagasin^e ac- 
tionne le moyen de reduction du volume de la 
chambre. ce qui entratne la transformation de 
cette Energie potentielle en Energie cin^tique 
et I'expulsion de sang de la chambre (l a) dans 

IS le syst&me art^riel. 

Z Dispositif selon la revendication 1. dans lequel 
la chambre deformable (la) est une membrane 
§lastique extensible. 

20 
3. Dispositif selon la revendication 1. dans lequel 

de r^nergie est emmagasin^e par la separa- 
tion forc^e de champs magn^tiques attractifs 
ou par Topposition forcee de champs magneti- 

cs ques r^pulsifs. 

4. Dispositif selon la revendication 1, dans lequel 
la chambre deformable (la) comprend un ou 
plusieurs elements eiastiques (29) joints h des 

30 tampons pousseurs (35) attaches ^. un vais- 
seau sanguin donnant^ celui-ci des cjaracteris- 
tiques de souplesse. 

5. Dispositif salon la revendication 1, dans lequel 
35         la vanne (26) est incorporee dans le conduit 

d'entr^e (31) pour emp§cher le reflux pendant 
la diastole et tl est prSvu une ou plusieurs 
greffes vasculaires de sortie (33). 

40 6. Dispositif selon la revendication 1. dans lequel 
des tissus naturels sent utilises pour la fabrica- 
tion de la totality ou d'une partie de la cham- 

. bre de volume variable et du moyen d'anasto- 
mose de cette chambre (la) au systeme art^- 

45 riel. 

7. Prothifese Implantable pour Tameiioration de 
I'efficacite de perfusion par le systfeme cardio- 
vasculaire naturel, comprenant des moyens 

50 d'emmagasinage d'^nergie et d'actionnement 
faits pour appliquer h une art^re telle que 
I'aorte (20) une force, de compression r6dui- 
sant son volume et un moyen d*attache chirur- 
gicale de ce dispositif ^ J'art^re (20). 

55 - cBTacX6r\s6e par le fait que les moyens d*em- 
magasinage d'^nergie et d'actionnement soht 
tels que la pression art^rielle systolique natu- 
relle fait entrer de force du sang dans Tartfere 

9 
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(20), de r^nergie cin^tique est emmagasin^e 
sous forme d'^nergie potentielle, et pendant ta 
diastole du coeur haturel. T^nergte potentielle 
emmagasin^e actionne le moyen de reduction 
du volume de Tart^re (20), ce qui entratne la 5 
transformation de cette energie potentieMe en 
^nergie cindtique et Texpulsion de sang. 

10 
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FIG, I 
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FIG. 4 
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FIG. lO 
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FIG. 14 

FIG. I4A 
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FIG. 18 

FIG. 19A 

18 


